Background. Transbronchial needle aspiration (TBNA) is a minimally invasive bronchoscopic technique that is cost-effective and safe for diagnosing mediastinal and hilar adenopathy in lung cancer, other malignancies, sarcoidosis and infectious processes such as tuberculosis. Few studies have analysed the sensitivity, specificity and predictive values of TBNA for diagnosing lymphoma. Objective. To evaluate the diagnostic yield of TBNA for diagnosing mediastinal and hilar adenopathy in suspected lymphoma. Methods. We performed a retrospective analysis of collected data of patients with mediastinal and hilar adenopathy adjacent to the tracheobronchial tree detected by thoracic computed tomography, who underwent TBNA at Tygerberg Hospital between July 2010 and June 2013. We included 25 patients with suspected or proven lymphoma. Histology was used as the gold standard. Results. Adequate samples for cytological evaluation were obtained for 22 (88%) patients. Cytological diagnosis was possible for 8 (32%). For 17 (68%) who could not be diagnosed by TBNA alone, histology provided final diagnosis. Rapid on-site examination (ROSE) was performed in 23 (92%). In 17/23 (74%) cases, these had similar results to formal cytology. Only 4 (16%) had flow cytometry requested. Twelve (48%) had lymphoma confirmed on histology. TBNA cytology had 100% specificity and positive predictive value for suspicion of lymphoma. Sensitivity was 33% and negative predictive value 62%. Conclusion. TBNA is an appropriate first-line diagnostic procedure in evaluating mediastinal and hilar lymphadenopathy in suspected lymphoma. Biopsy should be the immediate second-line procedure when ROSE/cytology is suspicious of lymphoma or shows atypical cells. Patients with negative TBNA cytology, but high clinical or radiological suspicion of lymphoma, should be further investigated. Respir J 2016;22(3):67-72.
The delayed diagnosis or misdiagnosis of lymphoma is an important clinical problem in SA. Owing to the varied clinical picture, especially in HIV-positive patients, symptoms may mimic other diseases, particularly tuberculosis (TB). The 2011 World Health Organization (WHO) report for SA revealed a treatment failure rate of 27% for smear-positive TB and 36% for smear-negative/extrapulmonary TB. [2] WHO and SA guidelines suggest empirical treatment of TB, particularly in HIVpositive patients. [3, 4] However, these guidelines stress the importance of sample culture testing, with follow-up investigations and reviews of treatment response. TB responds rapidly in HIV-positive patients. [5] Lymphoma must be considered an important differential when TB cannot be confirmed in patients presenting with lymphadenopathy with/without constitutional symptoms.
In a retrospective study, conducted in rural KwaZulu-Natal, Puvaneswaran et al. [6] reviewed 21 patients attending a lymphoma clinic. Of these patients, 13 were HIV-positive and 11 were on antiretroviral (ARV) therapy. They identified 18 (86%) patients who had undergone failed TB treatment in the 12 months before their histological confirmation of lymphoma. None had a confirmed TB culture before starting treatment. All these patients subjectively reported TB treatment failure, with a median duration of 5 months' treatment. Only 7 (39%) patients reported being followed-up at 1 month post treatment initiation. Fine-needle aspiration (FNA) was suggested in the work-up of all patients with lymphadenopathy, and lymph node (LN) biopsy for patients failing to respond to empirical TB treatment after 1 month.
It may also be difficult to distinguish TB from relapsed lymphoma. Karakas et al. [7] evaluated the association of Hodgkin's lymphoma (HL) and pulmonary TB, reviewing the medical records of 70 patients. A total of 27 patients (38%) had mediastinal-pulmonary involvement initially, and systemic symptoms were present in 37 (52%) patients. Fourteen patients (20%) had pulmonary TB: 3 had TB before HL, 2 had TB and HL concomitantly at initial diagnosis, 7 had TB during lymphoma therapy and 2 after the cessation of lymphoma treatment. Eleven patients with pulmonary TB had diffuse pulmonary infiltrations and mediastinal enlargement on computed tomography (CT) and X-ray. The radiologic differentiation could not be made on 9 patients who had a thoracic CT scan.
Lymphoma diagnosis depends on morphology, immunohistochemistry and flow cytometry (FC) and, where appropriate, molecular studies to accurately categorise the lymphoma. An FNA is inadequate for initial diagnosis. An incisional or excisional biopsy is preferred to provide adequate tissue for these examinations.
Transbronchial needle aspiration (TBNA) is a minimally invasive bronchoscopic technique that is cost-effective and safe for diagnosing mediastinal and hilar adenopathy in patients with lung cancer, other malignancies, sarcoidosis and infectious processes such as TB. [8, 9] Most of the studies on the diagnostic yield of TBNA for mediastinal and hilar adenopathy have been performed in patients with lung cancer. Few studies have analysed the sensitivity, specificity and predictive values of TBNA for diagnosing lymphoma. Therefore, it is difficult to compare the results among studies and perform a global evaluation of the technique.
In ill patients unable to undergo a definitive diagnostic procedure, TBNA is safe and has a high diagnostic yield. Ghamande et al. [10] evaluated TBNA in 8 ventilated patients. TBNA showed a sensitivity of 83%, specificity of 100%, positive predictive value (PPV) of 100%, and negative predictive value (NPV) of 50%. Diagnoses were carcinoma in 4 patients and post-transplantation lymphoproliferative disorder in 1 patient. Of the 3 patients with negative TBNA results, 2 underwent mediastinoscopy (MDS) (non-small-cell carcinoma and inflamed tissue). The 3rd patient could not undergo a MDS because of coagulopathy and no autopsy was performed. TBNA led to management changes in 5 (63%) patients. There were no complications from the TBNAs.
FC has been shown to improve diagnostic yield. In a study of 285 patients, by Schmid et al., [11] cytological specimens were retrospectively analysed and correlated with histology and follow-up. Cytologically diagnosed malignancy was confirmed in all histologically examined cases. In 92% of reactive cytological cases, a benign process was diagnosed histologically. Correlation with histology showed a sensitivity of 98% and a specificity of 100% for cytology.
Another study by Gorczyca et al. [12] reviewed 100 patients presenting with mediastinal lesions. Samples were adequate for FC evaluation in 95%. Results showed that in 97%, 67%, 78%, 88% and 100% cases of B-cell lymphoma, T-cell lymphoma, carcinoma, T-cell acute lymphoblastic leukaemia/lymphoblastic lymphoma and thymoma/thymic hyperplasia, respectively, the diagnosis could be reached by FC alone. Excluding HL, the general sensitivity of FC in diagnosing mediastinal tumours was 92% and no false-positive (FP) results were encountered. Flow methodology has the advantage of rapid turnaround time as well as high sensitivity, enabling patients with large anterior mediastinal masses and/or superior vena cava syndrome to begin treatment promptly.
MDS is currently used extensively for the diagnosis of thoracic disease and staging of malignancies.
[13] Positron-emission tomography (PET) scans have recently raised doubts as to the importance of MDS in the diagnosis and staging of lung cancer, with sensitivity and specificity almost approaching that of MDS. [14] However, since histological diagnosis is the issue, especially where a differentiation needs to be made between sarcoidosis, TB and lymphoma, MDS remains the diagnostic procedure of choice. In a study by Nalladaru et al., [15] MDS resulted in a definitive diagnosis in 97% of patients with isolated mediastinal lymphadenopathy.
Sonar-guided FNA procedures (endoscopic ultrasound (EUS) and endobronchial ultrasound (EBUS)) are on the rise, especially for the diagnosis of primary and metastatic lesions. This has been increasingly noted for lung, oesophageal and pancreatic carcinomas. Determining a definitive diagnosis of lymphoma by aspiration cytology is particularly important for patients whose condition may be too unstable to undergo general anaesthesia and open surgical biopsy. Earlier studies have demonstrated that EUS-FNA biopsy is a safe and effective procedure without significant complications. It also is less costly than other methods of obtaining tissue for diagnosis, including MDS, thoracotomy and CT-guided biopsies. [16] EUS-FNA allows access to deep-seated LNs and allows sampling of lesions that are small (<25 mm) and may be difficult to sample using other techniques. [17] Nunez et al. [18] analysed 1 338 cases of EUS and EBUS-FNAB of deep-seated LNs. Results showed that, in association with FC and/ or immunohistochemical analysis, EUS-FNAB was 89% sensitive and 100% specific in the diagnosis of primary and recurrent deep-seated non-HL and HL. Currently, the diagnosis of lymphoma is based on the WHO classification system. A study by Yasuda et al. [19] of 152 patients with lymphoma showed that EUS-FNAB was able to determine the subclassification, based on the WHO classification, in 89% of cases.
Objective
The purpose of this study was to evaluate the diagnostic yield of TBNA for diagnosing mediastinal and hilar adenopathy from suspected lymphoma in a cohort of patients evaluated at Tygerberg Hospital over a 3-year period (July 2010 -June 2013).
Methods

Study design and population
We performed a retrospective analysis of the collected data of patients with thoracic CT-detected mediastinal and hilar adenopathy adjacent to the tracheobronchial tree (with the short axis ≥1 cm) who underwent TBNA. Approximately 1 000 bronchoscopies are performed annually at Tygerberg Hospital. TBNAs are performed by experienced bronchoscopists, and registrars under their supervision. We included all adult patients who underwent bronchoscopy for evaluation of mediastinal or hilar lymph adenopathy secondary to suspected lymphoma. Histology obtained from any method was used as the gold standard. Approval was granted by Stellenbosch University Health Research Ethics Committee (HREC ref.: S13/10/192).
TBNA materials and methods
The Respiratory Division's bronchoscopy reports were used as source documents. In general, patients underwent conscious sedation with intravenous propofol. Bronchoscopy was performed transnasally/orally using 2% lignocaine jelly/xylocaine spray as local anaesthesia. TBNA of selected mediastinal or hilar adenopathy stations was performed. The insertion point was determined after an analysis of thoracic CT with or without PET-CT. In most (84%) cases, aspiration was not ultrasoundguided as the hospital obtained EBUS after the start of the study period; therefore, EBUS was used in only 4 (16%) patients. A cytopathologist was present during most (92%) procedures and made an immediate microscopic evaluation (rapid on-site evaluation (ROSE)) of the cytology samples. Suspected lymphoma was defined as cytology compatible with or suggestive of lymphoma. Suspected malignancy included atypical cells, undifferentiated malignant cells or an abnormal cell population.
Data collection interpretation
Samples with high lymphoid cellularity (suggesting an LN puncture), neoplastic cells or cytological findings that allowed for a specific diagnosis were considered adequate. Samples with too few cells for cytological evaluation or tracheobronchial wall cellularity (suggesting superficial puncture) were considered non-adequate. Clinical data included patient demographics, HIV status, current/previous TB or malignancies, LN involvement, ROSE, cytological diagnosis, FC results, histological diagnosis and procedural complications.
Samples with a cytological diagnosis of lymphoma confirmed by a surgical technique were considered true positives (TPs) and FPs indicated cases with confirmed negative histology. Cases yielding only a lymphoid cellularity in patients with specific pathologies such as carcinomas, TB or sarcoidosis on surgical biopsies were considered true negatives (TNs). False-negatives (FNs) indicated cases with negative cytology, but positive histology.
Statistical analysis
Qualitative variables were reported as absolute frequencies and percentages, and numeric variables as median (range). Sensitivity, specificity, PPV and NPV were determined using the standard definitions.
Results
Population description
Data from 78 patients with clinical or radiological suspicion of lymphoma were evaluated for the study. All underwent bronchoscopy and TBNA of mediastinal and/or hilar LNs. Patients with histological tissue confirmation of cytological diagnosis were included. The final study population comprised 25 patients. The median age of the patients was 44 (18 -82) years and 16 (64%) were male. Seven (28%) patients were HIV-positive and of these, 5 (71%) were on ARV therapy. Their CD4 counts varied from 32 -1 537 cells/mm 3 . The patient characteristics and final diagnoses are presented in Table 1 .
All patients had a contrasted CT scan. Eight (32%) were known to have haematological malignancy: 2 with HL, 1 diffuse large B-cell lymphoma (DLBCL), 1 follicular lymphoma (FL), 3 chronic lymphocytic leukaemia/ small lymphocytic lymphoma (CLL/SLL), 1 acute myeloid leukaemia (AML). Twelve (48%) patients had lymphoma confirmed on a histological sample: 5 (42%) HL, 2 (17%) DLBCL, 3 (25%) CLL/SLL, 1 (8%) splenic/ nodal marginal zone lymphoma, 1 (8%) primary effusion lymphoma.
The smallest axis diameter of the 38 studied LNs was 10 mm (range 10 -52 mm); 23 (61%) were smaller than 20 mm. A mean of 3.6 (range 1 -9) passes were performed.
TBNA validity and reliability
Adequate samples for cytological evaluation were obtained from 22 (88%) patients. Cytological diagnosis could be made for 8 (32%) patients, including suspected lymphoma (n=4) and granuloma (n=4). Samples were considered non-adequate for 3 (12%) patients (normal mucosa and too few cells). FC was requested for only 4 (16%). TB cultures were performed for 19 (76%). Of these 2 (11%) were positive. Histology provided the final diagnosis for all cases, with 12 lymphoma cases confirmed.
ROSE was performed in 23 (92%). In 17/23 (74%) cases similar results were obtained to formal cytology. In the lymphoma subgroup, ROSE showed 7/12 (58%) cells suspicious of malignancy (2 CLL, 3 atypical cells, 1 possible lymphoma, 1 non-small-cell lung cancer) and 5 (42%) were non-diagnostic (4 nil specific and 1 lymphoid) with sensitivity for suspicion of malignancy 58% and specificity 100%. All ROSE and cytology samples suggestive of malignancy were confirmed by histology, indicating excellent PPV.
In the lymphoma subgroup, 7/12 (58%) patients had cytology suspicious of malignancy (HL, CLL/SLL, possible HL, possible DLBCL, atypical cells, undifferentiated malignant cells, abnormal cell population). Only 2 (17%) had a specific cytological diagnosis (both patients were known to have the same haematological malignancy). Another 2 had cytology results suggestive of lymphoma (1 known with DLBCL and 1 newly diagnosed with HL). Cytology was FN for malignancy in 5/12 (42%) of the lymphoma subgroup (3 reactive lymphocytes, 1 normal mucosa, 1 mucinous). TBNA sensitivity for suspecting lymphoma was 33% and specificity 100%.
In patients with known haematological malignancies, TBNA cytology showed atypical cells in 5 (63%) and 3 (37%) had FN results. Only 2 (25%) had a definitive diagnosis and 1 (13%) a suggestive diagnosis of lymphoma. In the 5 newly diagnosed lymphoma patients, TBNA cytology showed atypical cells in 2 (40%) and FN results in 3 (60%). Only 1 (20%) showed cytology suggestive of lymphoma.
Of the study population, 8/25 (32%) had granulomatous inflammation on histology (6 non-necrotising and 2 necrotising). One of these had a positive TB culture. All 4 cases of cytological granulomatous inflammation were confirmed by histology, with TBNA sensitivity of 50% and specificity of 100%.
FC was performed on 4 (16%) TBNA samples. The routine immuno phenotypic panel was: CD 3 , CD 4 , CD 5 , CD 8 , CD 10 , CD 19 , CD 20 , CD 22 , CD 23 , CD 38 , CD 45 , FMC-7, kappa and lambda (CD 45 gating strategy). One sample was insufficient for analysis. The other samples demonstrated 1 CLL, 1 FL relapse/transformation into DLBCL and 1 was inconclusive. Sensitivity was 50% and specificity 100%. From the source population, 19/78 (25%) had FC performed.
Lymphoma subtyping was as follows: 5 patients had classic HL (1 nodular sclerosis, 1 mixed cellularity, 1 lymphocyte rich, 1 mixed cellularity nodular sclerosis, 1 lymphocyte depleted), 3 patients had CLL/SLL, 2 patients had DLBCL, 1 patient had splenic and nodal marginal zone lymphoma and 1 patient had primary effusion lymphoma.
MDS was performed in 5 (20%) patients. One patient had HL. The results are shown in Table 2 .
Peripheral LN biopsy confirmed 8/12 (67%) lymphomas, soft-tissue biopsy 2 (17%) and splenectomy 1 (8%). MDS yielded 1 (8%) undiagnosed HL. Lymphoma could be confirmed in 10 (82%) with minor surgical procedures (peripheral LN or soft-tissue biopsy) and only 2 (17%) required major surgical procedures (MDS or laparotomy).
Complications
Complications related to TBNA occurred in 3 patients: 1 case of mild, self-limited bleeding at the puncture site, 1 patient was too restless to complete the procedure and 1 patient had laryngospasm.
Discussion
There is a question as to the accuracy of fineneedle aspiration cytology (FNAC) in the diagnosis of lymphomas, as the tumours often contain malignant and reactive elements and the FNAC may only have sampled the reactive regions. The inherent characteristics of lymphoma (i.e. fibrosis in classic HL) may also prevent cytomorphologists from obtaining enough material for several analyses. Visualising LN changes may help with selecting the right aspiration area and overcome problems with partial fibrotic changes in the affected LN. [20] Another disadvantage of FNAC is that it does not provide the cellular architecture required for accurate subtyping of the lymphoma. The sensitivity of all FNA for the diagnosis of lymphoma (published 2004 -2014) has been reported to range between 25% and 95%. [21] As a result of the deficiencies of FNAC, LN excision or core needle biopsy is required and is the recommended second-line diagnostic procedure. All suspicious LNs should be biopsied following FNA, even if FNA is reported normal or demonstrating reactive changes only. [22] Histological confirmation and subtyping of lymphoma remains the standard precondition for chemotherapy. TBNA/EBUS-TBNA cell block samples [23] and EBUS transbronchial needle forceps biopsies [24] may overcome these deficiencies. The only study done in the last 10 years evaluating the diagnostic yield of conventional (blind) TBNA in the diagnosis of lymphoma (using cytology and/or histology needles) was by Fernández-Villar et al. [25] in 2010, on 15 patients with lymphoma. They also demonstrated TBNA specificity and PPV of 100%, but poor sensitivity (36%) and NPV (10%). Other studies evaluating conventional TBNA had a limited number of patients with lymphoma. Sharafkhaneh et al. [26] had 4 patients, Szlubowski et al. [27] 2 patients, Selcuk et al. [28] 1 patient and Aliyali et al. [29] 2 patients, with sensitivity ranging from 0% -50%. Most studies focused on lung carcinoma, metastatic disease and sarcoidosis.
Most other recent studies looked at EBUS-guided TBNA (developed in 2002). It was traditionally thought that the small samples of mediastinal LNs obtained by EBUS are inadequate for the diagnosis of lymphoma, as treatment regimens for lymphoma are dependent on the specific subtype and histological grade.
Kennedy et al. [30] carried out a retrospective study in 2007 that included 25 patients with mediastinal adenopathy and suspected lymphomas. EBUS-TBNA (in combination with cytology and immunohistochemistry with/without FC) demonstrated sensitivity, specificity, PPV and NPV of 90%, 100%, 100% and 93%, respectively.
In 2010, Steinfort et al. [31] reviewed data from 55 patients with suspected lymphoma who underwent EBUS-TBNA (using a 22-gauge needle and preparing a cell block for immunohistochemical analysis) to evaluate mediastinal lymphadenopathy. They showed that EBUS-TBNA provided a diagnosis in 16/21 (76%) of the lymphoma cases, although 4 patients required further surgical biopsy to completely characterise lymphoma subtypes. Sensitivity and specificity for definitive diagnosis of lymphoma were 57% and 100%, respectively.
Another study published in 2014 showed similar results. Senturk et al. [32] evaluated EBUS-TBNA (with cell block for immunohistochemistry) in 15 patients with lymphoma. A definitive pathological diagnosis and histological typing were achieved in 87% of patients. Specificity, NPV and diagnostic accuracy were calculated as 100%, 97% and 97%, respectively.
In these studies, though FC was not routinely requested, tissue for immunohistochemical analysis was submitted. This could explain the increased sensitivity for a definitive diagnosis and subtyping of lymphoma, obviating the need for more invasive surgical biopsy.
Recently, a new 22-gauge needle (SonoTip EBUS Pro with stainless steel) was introduced in Japan, showing promising results. [33] The low cost and few complications justify the continued use of conventional TBNA as the initial diagnostic test for mediastinal and hilar adenopathy, especially when other techniques, such as EBUS-TBNA, are unavailable. The diagnostic yield of conventional TBNA could be improved by FC or adequate tissue sampling (with cell block preparation) for immunohistochemical analysis.
In our institution, TBNA is a first-line diagnostic procedure for the initial evaluation of mediastinal and/or hilar lymph adenopathy, while FC is not currently used on a routine basis. If lymphoma is suspected, FC of TBNA samples should be encouraged, as it has been shown to have an excellent correlation with histology. In most (84%) patients, aspiration was not ultrasound guided. Since beginning the study, our hospital has obtained EBUS, and the use of sonar-guided aspiration (+/-biopsy) and improved specimen preparation (including a cell block) should improve TBNA yield for all pathologies.
Study limitations
Our study was retrospective and included a small number of patients from a single centre. Neither FC nor cell block preparation was routinely used in the evaluation of samples, and EBUS was only acquired towards the end of the study period. With most studies in the last 10 years that evaluate diagnostic yield of TBNA being sonarguided, it is difficult to compare our results. A larger, randomised controlled prospective study comparing conventional TBNA, FC or cell block preparation, EBUS-TBNA and EBUS transbronchial needle forceps biopsy could overcome these limitations.
Conclusion
In our study, transbronchial FNAC had a low sensitivity, but high rule-in value for the diagnosis of lymphoma in patients presenting with mediastinal or hilar adenopathy. It is an appropriate first-line diagnostic procedure, but further invasive sampling is required for histological confirmation and subtyping of lymphoma, and in cases where TBNA cytology is negative but clinical or radiological suspicion of lymphoma is high. This could be obviated by the routine request of FC, preparing a cell block during TBNA/EBUS-TBNA and performing transbronchial needle forceps biopsy during EBUS-TBNA. The main advantage of TBNA was shown to be in evaluating persistent disease.
It is possible to provide a definitive diagnosis of new or persistent lymphoma using TBNA, but this is not sufficient to exclude new or persistent lymphoma. If ROSE/cytology is suspicious of lymphoma or shows atypical cells, excisional or incisional biopsy should be the immediate second-line diagnostic step.
